Age- and injury-dependent concentrations of transforming growth factor-β1 and proteoglycan fragments in rabbit knee joint fluid  by Wei, Xiaochun & Messner, Karola
Osteoarthritis and Cartilage (1998) 6, 10–18
7 1998 Osteoarthritis Research Society 1063–4584/98/010010 + 09 $12.00/0
Age- and injury-dependent concentrations of transforming growth
factor-b1 and proteoglycan fragments in rabbit knee joint fluid
By Xiaochun Wei and Karola Messner
Department of Sports Medicine, Faculty of Health Sciences, Linko¨ping University, 581 85 Linko¨ping,
Sweden
Summary
Objective: The purpose of the study was to characterize maturation-related changes of TGF-b1 and proteoglycan
fragment (PG) concentrations in joint fluid of healthy rabbit knees, and to investigate changes associated with
osteochondral injury and spontaneous repair.
Methods: In 26 young (age range: 12–15 weeks), 26 adolescent (18–25 weeks), and 26 adult (33–44 weeks) New Zealand
white rabbits, TGF-b1 and PG concentrations were analyzed in joint fluid samples which were taken before, and at
several time intervals (max. 1 year) after creation of a osteochondral defect in the knee medial femoral condyle. At
death, the characteristics of the regenerated tissue in the defect and any signs of degeneration of adjacent cartilage
were recorded and graded.
Results: In preoperative samples, TGF-b1 and PG concentrations decreased with maturation (P Q 0.01), and were
moderately correlated (r = 0.51, P Q 0.001). Shortly after trauma, the concentrations of both substances were found
increased, which was followed by a decrease up to 3 months, and then again an increase up to 1 year. However,
meanwhile PG concentrations had similar magnitude irrespective of age, TGF-b1 concentrations never reached
similarly high levels in adulthood as in infancy or adolescence. The cartilage adjacent to the defect had more signs
for degeneration in younger rabbits, and also osteophytes were more common in young than adult animals.
Conclusion: The similar pattern for TGF-b1 and PG concentrations during postnatal maturation may reflect the
stimulatory effect of TGF-b1 on proteoglycan synthesis. The higher TGF-b1 concentrations in younger animals may
be a reason for their better healing capacity, but also for their higher susceptibility to osteoarthritic change compared
to adult animals.
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Introduction
We previously found the ability of rabbit knee
articular cartilage to repair full-thickness defects,
and the susceptibility to osteoarthritic change of
the cartilage adjacent to the defect, maturation-re-
lated [1]. In immature animals the osteochondral
defect healed faster and showed an earlier
differentiation of cartilaginous tissue than in
adults, but at the same time the cartilage adjacent
to the defect had more advanced degenerative
change than in fully grown animals [1]. It was
previously demonstrated by many authors that
proteoglycan synthesis and content in articular
cartilage decrease with maturation [2–8]. This
physiological change in synthesis of proteoglycans
which are the main cartilage matrix proteins, may
be one of the reasons for the maturation-related
healing difference of cartilage defects mentioned
above.
In a previous study [9] we found support that
proteoglycan fragment (PG) concentrations in
joint fluid may reflect the above-mentioned
physiologic conditions of developing articular
cartilage. The higher concentrations of this
marker which we found in immature animals
compared with the adults may represent the higher
turnover rate of proteoglycans in growing carti-
lage [9]. However, the mechanism behind this
maturation-related change is not completely
understood. Transforming growth factor-b (TGF-
b), which has three isoforms in mammals, was
found to play a vital role in the regulation of
articular chondrocyte-mediated matrix turnover
and proliferation [10, 11]. It has been shown in vitro
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that TGF-b both stimulates [12, 13] and inhibits
[14, 15] proteoglycan synthesis, but there is
evidence that TGF-b may have a stimulating effect
on cartilage matrix synthesis in cartilage injury
and osteoarthritis [16, 17].
Bone is a major storage site of TGF-b [18, 19], but
TGF-b is also found in articular cartilage and
cultured human chondrocytes [18, 20], which have
TGF-b-specific receptors [21, 22]. High concen-
trations of TGF-b were found in synovial fluid of
patients with osteoarthritis and rheumatoid
arthritis [23–26], but there are, to our knowledge,
no data on TGF-b concentrations in normal joint
fluid and maturation-related physiologic change. It
is also unclear whether TGF-b joint fluid concen-
trations change in response to traumatic injury,
and if there is any association with the maturation-
dependent susceptibility to cartilage degeneration
adjacent to the defect [1].
Thus, the purpose of this study was to document
maturation-related changes of TGF-b1 and PG
concentrations in the joint fluid of healthy rabbit
knees, and to investigate the response to osteo-
chondral injury and repair, and degeneration of
adjacent cartilage.
Materials and Methods
Seventy-eight healthy New Zealand white
(NZW) rabbits were used. For the young group,
animals aged 12–15 weeks were selected, for the
adolescent group animals aged 18–25 weeks, and
finally rabbits aged 33–44 weeks constituted the
adult group (Table I). Under general anesthesia
using ketamine and xylazinchloride, 15 mg/kg and
1.5 mg/kg, respectively, and after joint fluid
sampling, a defect (3 mm diameter, 3 mm depth
controlled by a drill guide) penetrating the
subchondral bone plate and opening the bone
marrow cavity was created with a stainless steel
reamer on the medial femoral condyle in both
knees of all rabbits. The defect was placed as far
to the rear of the medial condyle as possible. The
defect was washed with saline and dried with
a swab to remove bone debris. The wound was then
closed in layers with 4-0 resorbable sutures.
After surgery, the rabbits were allowed to move
freely in the cages (area 0.5 m2) without joint
immobilization. All rabbits received intramuscular
injections with oxytetracyclinehydrochloride anti-
biotics on the 2 days after the operation for
infection prophylaxis. Four to six animals in each
age group were killed with an overdose of
phenobarbital at 3, 6, 12, 24, and 48 weeks,
respectively. The experiment was approved by the
local ethics committee and the principles of
laboratory animal care were followed.
Before operation and at death, joint fluid of both
knees was sampled according to the following
protocol. After shaving of the area around the knee
joint, a 21G2 needle (Microlance8, Becton Dickin-
son, Dublin, Ireland) was inserted from the medial
side of the patellar tendon into the anterior
compartment of the knee at a slightly flexed knee
position. The knee was then extended, and the tip
of the needle was placed into the suprapatellar
bursa. One milliliter of sterile 0.9% NaCl solution
was injected. The knee was then moved 20 times
through full range of motion, and the joint fluid
aspirated. Keeping the needle in place, the above
procedure was repeated. The two samples from
each knee were combined, the volume measured,
and stored at −20°C until analyzed.
After death, the right knee joints were opened,
and the repair tissue and adjacent cartilage were
inspected grossly with help of a dissection
microscope. The level of the regenerated tissue in
comparison to the adjacent cartilage, its color, and
surface condition were documented. Signs for
cartilage degeneration of the medial and lateral
femoral condyles, and the medial and lateral tibial
plateaux were assessed with a macroscopic score
[27]: grade 0, normal cartilage; grade 1, surface
irregularities; grade 2, pannus and surface irregu-
larities; grade 3, superficial cleft formation; grade
4, deep, but localized clefts down to bone; grade 5,
large surface defects down to bone; and grade 6,
complete loss of cartilage. For statistical calcu-
Table I
Age, number, and joint fluid volume of right rabbit knees in the different age groups
before operation (Op) and at death (mean 2 s.d.)
Age Range Joint fluid Joint fluid
(weeks) (weeks) N n Op. (ml) at death (ml)
Young 13.3 2 0.7 12.5–15.0 26 23 1.4 2 0.2 1.5 2 0.2
Adolescent 21.4 2 2.2 18.0–25.0 26 23 1.3 2 0.2 1.4 2 0.2
Adult 34.4 2 2.4 33.5–44.0 26 23 1.4 2 0.2 1.5 2 0.2
Total 23.1 2 9.0 12.5–44.0 78 69 1.4 2 0.2 1.5 2 0.2
N] Number of knees "samples# at start of study[
n] number of valid samples for analysis[
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lations the highest grade of cartilage degeneration
(maximal score) in each joint (max. 6 points) was
used as an expression of the stage of joint disease.
Furthermore, the different grades of cartilage
degeneration of the medial and lateral femoral
condyles, and the medial and lateral tibial
plateaux in each joint were accumulated to give a
total score of cartilage degeneration (max. 4 × 6 = 24
points) [28]. In addition, any appearance of
osteophytes was recorded.
The repair site and adjacent cartilage of the left
knee were prepared for histologic evaluation. A
minimum of 20 sagittal sections 5 mm in thickness
from the center of the repair area were stained
with eosin–hematoxylin and alcian blue-periodic
acid Schiff (AB-PAS) [1]. The repair tissue and
adjacent cartilage were assessed using the
O’Driscoll score [29] with slight modifications
concerning the staining technique. The present
score for the repair tissue (maximum 21 points)
was based on a graded evaluation of the cellular
morphology (maximum 4 points), AB-PAS staining
of the repair tissue (maximum 3 points), surface
characteristics (maximum 3 points), structural
integrity of the repair cartilage (maximum 2
points), cartilage thickness (maximum 2 points),
bonding to the adjacent cartilage (maximum 2
points), degenerative changes (maximum 3 points)
and cluster formation (maximum 2 points). A score
of 21 points represents normal cartilage. The
adjacent cartilage was classified as either normal
(3 points), fibrillated (2 points), superficial clefts (1
point), or deep clefts and severe disruption (0
points).
Contamination of the fluid samples with blood
makes an accurate analysis of TGF-b1 concen-
trations impossible. The fluid samples of the left
knees were frequently contaminated, therefore we
only used the samples of the right knees for
analysis using the Quantikine8 TGF-b1 im-
munoassay (Quantikine8 R&D Systems, Inc.,
U.S.A.). First, the samples were activated by 1 n
HCl and neutralized by 1.2 n NaOH/0.5 m HEPES.
Then, 200 ml of the sample was added into wells of
the microtiter plate and incubated for 3 h at room
temperature. The wells are coated with TGF-b
soluble receptor type II, which can bind TGF-b1,
TGF-b3 and TGF-b5. After rinsing the wells four
times to clean them from unbound proteins, a
volume of 200 ml of polyclonal antibody specifically
raised against TGF-b1 was added and incubated
1.5 h at room temperature. After rinsing, 200 ml of
substrate solution (mixture of stabilized hydrogen
peroxide and chromogen) was added and incubated
for 20 min; color intensity develops in proportion
to the amount of TGF-b1 bound during the initial
step. Further increase of color intensity was
stopped by 2 n H2SO4. The optical density of each
well was determined using a spectrophotometer
(Anthos HT3, Anthos Labtec Instruments, Austria)
set to 450 nm with correction of 550 nm. Recombi-
nant human TGF-b1 was used as standard, with
serial dilution of 1000, 500, 250, 125, 62.5, 31.2 and
0 pg/ml.
PG concentrations in the joint fluid samples of
both knees were analyzed by precipitation of
sulfated glycosaminoglycans containing proteogly-
can fragments with Alcian blue [30]. Chondroitin
sulfate (Sigma C4384) was used as standard.
statistics
Comparisons and correlations between TGF-b1
and PG joint fluid concentrations and macroscopic
cartilage scores were based on the data from the
right knees. Comparisons and correlations be-
tween PG joint fluid concentrations and histologic
scores were based on data from the left knees.
Paired Student’s t tests were used for comparison
of TGF-b1 and PG concentrations between oper-
ation and death or between left and right knees of
the same animal. For calculation of maturation-de-
pendent differences of TGF-b1 and PG concen-
trations, analysis of variance and the
Newman–Keuls tests were used. Differences in
morphologic changes between different age groups
were analyzed with the Kruskal–Wallis analysis of
variance (ANOVA), and Mann–Whitney U test or
Fisher’s exact test. In case of multiple comparison
(scores for cartilage repair and adjacent cartilage)
the Bonferroni correction was applied. For
comparisons of scores between the different age
groups, P Q 0.017 was required for statistical
significance. In other comparisons, P Q 0.05 was
required. The correlations between continuous
data (TGF-b1, PG, and age) were analyzed with the
Pearson test, correlations between ordinal data
(the scores) with the Spearman R test.
Results
The wound healed in all animals without
complications. At death, passive joint motion
appeared normal in all animals. Three right knees
in each age group (total number: N = 9) were
excluded from further analysis because of contami-
nation of the fluid sample with blood either before
operation or at death. All left knees were
evaluated as planned. The amount of aspirated
joint fluid from right and left knees was similar in
all groups before operation and at death (Table I,
data of left knees not shown). Right and left knees
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Table II
Concentrations of TGF-b1 (pg/ml) and PG (mg/ml) in joint fluid of right knees
before operation and at death (mean 2 s.d.)
Young Adolescent Adult All
Before operation
TGF-b1 112.7 2 91.3†c 95.3 2 40.7‡ 52.3 2 33.9 86.7 2 65.3a
PG 5.3 2 1.3§a 4.2 2 1.3‡ 3.3 2 1.0b 4.2 2 1.4
PG* 5.3 2 1.4§ 4.2 2 0.9‡ 3.4 2 0.8b 4.3 2 1.3
At death
TGF-b1 65.1 2 41.6’ 90.5 2 44.1† 42.4 2 23.8 66.0 2 42.0
PG 4.4 2 1.0 4.7 2 1.4 4.4 2 1.0 4.5 2 1.1
PG* 4.9 2 1.8 4.9 2 1.7 5.4 2 2.1 5.1 2 1.9
PG concentrations of left knees "N15 in each age group#[
$PQ 9[90 compared with adult rabbits[
%PQ 9[94 compared with adult rabbits[
&PQ 9[90 compared with adolescent and adult rabbits[
’PQ 9[94 compared with adolescent and adult rabbits[
aPQ 9[94 compared with time of death[
bPQ 9[90 compared with time of death[
cP9[94 compared with time of death[
had similar PG joint fluid concentrations irrespec-
tive of age (Table II).
tgf-b1 and pg concentrations before
operation
TGF-b1 concentrations in joint fluid (right
knees) were similar in young and adolescent
rabbits; in adult animals the concentrations were
lower (P Q 0.01) (Table II). PG concentrations in
joint fluid (right and left knees) decreased with
increasing maturation (P Q 0.001) (Table II). Over-
all, TGF-b1 concentrations were moderately corre-
lated with PG concentrations (r = 0.51, P Q 0.001)
(Fig. 1). At individual group analysis, TGF-b1 and
PG concentrations only were significantly corre-
lated in young animals (Table III). There was an
inverse correlation between rabbit age and TGF-b1
(r = −0.39, P Q 0.001) and PG concentrations
(r = −0.57, P Q 0.001) (Figs 2, 3).
tgf-b1 and pg concentrations at death (right
knees)
TGF-b1 concentrations were highest in adoles-
cent, and lowest in adult animals (P Q 0.01), but
PG concentrations were similar in all groups
(Table II). There was still an inverse correlation
between rabbit age and TGF-b1 concentrations
(r = −0.32, P Q 0.01), but no longer a significant
correlation between age and PG concentrations.
TGF-b1 and PG concentrations were moderately
correlated (r = 0.52, P Q 0.001). At individual group
analysis, the correlation between TGF-b1 and PG
concentrations was only significant in adolescent
and adult rabbits (Table III).
changes between operation and death (right
knees)
In the whole material TGF-b1 concentrations
were higher before operation than at death
(P Q 0.05) (Table II). However, at individual group
analysis, the difference was only significant in
young rabbits (P = 0.05). PG concentrations were
higher before operation than at death in young
animals, while the reverse tendency was found in
adult animals (P Q 0.05) (Table II). Preoperative
and postoperative values of either substance did
not correlate with each other (Table III).
In the young, TGF-b1 concentrations were found
unchanged at 3 weeks postoperatively compared
with preoperative values, but at later time
intervals they were found lower (P Q 0.05). In the
adolescent and adult animals, TGF-b1 concen-
trations at 3 weeks after operation were found
somewhat elevated compared with preoperative
values. The levels were found decreased again at
Fig. 1. Correlation between TGF-b1 and PG joint fluid
concentrations in preoperative samples of right knees.
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Table III
Correlation coefficients (r) with P-value (P) between TGF-b1 and PG joint fluid concentrations in
right knees before operation (Op) and at death
Young Adolescent Adult All
r P r P r P r P
TGF-b1: Op vs Death −0.29 0.18 −0.02 0.92 0.06 0.77 0.00 0.98
PG: Op vs Death −0.02 0.93 −0.41 0.05 0.43 0.04 −0.06 0.63
Op: TGF-b1 vs PG 0.56 0.01 0.13 0.55 0.42 0.05 0.51 0.00
Death: TGF-b1 vs PG 0.33 0.12 0.71 0.00 0.50 0.02 0.52 0.00
later observations except for the adults, which
showed a relative increase at 24 and 48 weeks
(Fig. 4). In general, PG concentrations tended to be
higher at 3 weeks postoperatively compared with
preoperative values (P Q 0.05); the values at 12
weeks were lower compared with 3 weeks
(P Q 0.01), but were elevated again at later
observations (P Q 0.05) (Fig. 5). However, at
individual group analysis, the difference was only
significant in young rabbits.
gross and histologic evaluation of the repair
site
All joints and articular cartilage appeared
normal at time of surgery. With time the defect was
increasingly filled with repair tissue. Over all,
young animals had more cases with repair tissue in
level of the adjacent cartilage than adult animals
(P Q 0.01) (Table IV). In all animals, the repair
tissue changed from a reddish color at 3 and 6
weeks to a white and shining appearance at later
observations. In general, the surface of the repair
tissue was rough, but it seemed less so in the young
than in the adult animals. Histologically, the
repair scores improved until 6 weeks (P Q 0.008)
and stayed then the same. Repairs in young
animals had better scores than repairs in adults
(P Q 0.01) (Table IV). There was no correlation
between the histologic score of the repair site and
PG joint fluid concentrations.
gross and histologic evaluation of the
adjacent cartilage
Only minor signs for cartilage degeneration
were noted at the macroscopic inspection. These
changes were predominantly located in the
cartilage adjacent to the defect, or in the opposite
joint surface of the medial tibial plateau. The total
and maximal scores were higher in adolescent than
in adult animals (P Q 0.005) (Table V), but did not
change over time. In the whole material there was
no significant correlation between any of the
scores and PG joint fluid concentrations at death.
However, at group specific analysis, there was a
weak significant correlation of these items in adult
animals (r = 0.48, P Q 0.05). TGF-b1 joint fluid
concentrations were not correlated to any of these
macroscopic cartilage scores. Formation of os-
teophytes was more frequently observed in the
young than in the adult animals (Table V).
Histologically, the adjacent cartilage showed more
severe degeneration in young than in adolescent
and adult animals (P Q 0.01), but there was no
change over time. There was no correlation
between the histologic score of the adjacent
cartilage and PG joint fluid concentrations.
Fig. 2. Correlation between rabbit age and logarithmic
TGF-b1 concentrations in preoperative joint fluid
samples of right knees.
Fig. 3. Correlation between rabbit age and PG
concentrations in preoperative joint fluid samples of
right knees.
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Fig. 4. TGF-b1 joint fluid concentrations of right knees
at the different follow-up observations. (q) Operation
time; (r) 3 weeks; (r) 6 weeks; (w) 12 weeks; (Q) 24
weeks; (R) 48 weeks.
Table IV
Gross (right knee) and histologic (left knee) scale
parameters for repair tissue
Young Adolescent Adult
Level of repair tissue
Depressed (N) 3 18 14
In level (N) 17* 5 8
Elevated (N) 3 0 1
Color of repair tissue
Reddish (N) 5 8 9
White (N) 18 15 14
Surface of repair tissue
Rough (N) 16 21 23
Smooth (N) 7† 2 0
Histologic score for
repair tissue 14 (3–19)‡ 13 (4–19.5) 9 (3–15)
"N#] number of specimens with indicated feature[
PQ 9[90 compared with adolescent and adult rabbits[
$PQ 9[94 compared with adult rabbits[
%PQ 9[90 compared with adult rabbits[
Discussion
The present study shows clearly that TGF-b1 and
PG concentrations in knee joint fluid decreased
physiologically with maturation, and probably for
this reason the concentrations of these two
substances were correlated to each other. Articu-
lar cartilage, synovial cells and mononuclear cells
are possible sources for the TGF-b1 concentrations
measured in synovial fluid [18, 20, 31]. The joint
fluid concentration represents the combined re-
lease of this substance from these sources and also
its clearance from synovial fluid. High concen-
trations of TGF-b were found in joints with
rheumatoid and osteoarthritic synovial effusions,
while joint fluid obtained from a patient with
avascular necrosis had negligible TGF-b activity
[23]. Apparently, the release of TGF-b from
synovial tissue into joint fluid plays a minor role
in cases with no obvious synovitis. Thus, the
TGF-b1 concentrations in healthy rabbit joints as
measured here preoperatively may originate
mainly from the articular cartilage. Also, the joint
fluid PG concentrations reflect the sum of
proteoglycan production, fragment release to
joint fluid and finally clearance from synovial
fluid.
A decrease of cartilage volume owing to
increasing ossification of the epiphysis during
growth may be discussed as reason for the decrease
of both substances in joint fluid during maturation.
However, data from a previous investigation did
not show any decrease in cartilage mass between
adolescence and adulthood [9]. Accordingly, we
rather suggest that the similar pattern for TGF-b1
and PG concentrations during postnatal matu-
ration may reflect the stimulatory effect of TGF-b1
on proteoglycan synthesis, which decreases with
increasing maturation, as shown by previous
studies [12, 13]. This explanation is further sup-
ported by a recent study, which showed that single
or multiple TGF-b1 injections into the murine knee
joint induced a strong and long-lasting stimulation
of articular cartilage proteoglycan synthesis
in vivo [32].
Fig. 5. PG joint fluid concentrations of right knees at the
different follow-up observations. For key see Fig. 4.
Table V
Gross (right knee) and histologic (left knee) scale
parameters of adjacent cartilage
Young Adolescent Adult
Maximal score
[Median (min–max)] 1 (0–4) 3 (0–5)* 1 (0–3)
Total score
[Median (min − max)] 2 (0–5) 4 (0–6)* 2 (1 − 4)
Osteophyte (N) 12† 6 5
Histologic score for
adjacent cartilage 1 (0–3)‡ 2.5 (1–3) 3 (1–3)
"N#] number of specimens with indicated feature[
PQ 9[994 compared with adult rabbits[
$PQ 9[94 compared with adult rabbits[
%PQ 9[90 compared with adolescent and adult rabbits[
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The increase of both substances in joint fluid 3
weeks after operation in all age groups may be
interpreted as response to the operative trauma.
This is supported by a clinical study showing a
several-fold increase of PG concentrations shortly
after acute knee trauma [33]. The coincidental
high concentrations of both substances in this
situation suggest that TGF-b1, which may have
been mainly released into joint fluid from bone
tissue exposed by the operative procedure, stimu-
lates proteoglycan synthesis. However the high PG
concentrations may also reflect an increasing
depletion of proteoglycans owing to cartilage
injury. The initially high physiologic levels of both
substances in young animals are certainly respon-
sible for the less conspicuous increase of both
substances after injury in this age group.
It should be pointed out that the early
postoperative increase of TGF-b1 concentrations
in adult animals never reached similarly high
levels as were found physiologically or postopera-
tively in the young and adolescent animals. The
postoperative levels in adult animals were in deed
not significantly higher than preoperatively and
may just represent normal levels for this age
group. Also in the other age groups TGF-b1
concentrations at 12 weeks postoperatively and
later had a similar magnitude as in the adult group
which coincided with the increasing age of the
animals. However, because of the lack of data on
physiologic TGF-b1 levels in animals older than 44
weeks, we can not be sure that the levels found at
late observation after injury represent physiologic
values. The relative decrease of TGF-b1 levels
after injury with time was in contrast to the PG
concentrations, which were found similarly elev-
ated irrespective of age. The higher concentrations
of TGF-b1 before operation and shortly after in
young and adolescent animals coincided with the
better filling of the defect and the smoother surface
of the regenerate in these age groups compared
with the adult. TGF-b1 increases the proliferation
rate of rabbit articular chondrocytes [34]. A recent
in-vitro experiment showed that TGF-b, beside
stimulation of proteoglycan synthesis, also in-
creased the production of type II collagen in cells
derived from cartilaginous repair tissue [16]. These
results suggest that the higher regeneration of
cartilage repair tissue which we found in the
younger animals may be related to their higher
TGF-b1 joint fluid concentrations compared with
the adults. Whether the elevated TGF-b1 concen-
trations had a part in the earlier differentiation to
cartilaginous tissue, which we found previously in
the healed defects of the young animals compared
with the adult [1], can not be answered.
At later observations both substances continued
to show comparable patterns. The concentrations
decreased up to 12 weeks and were then found
similar or increased at 24 and 48 weeks. This
pattern may be interpreted as an effect of healing
of the joint injury and, from 12 weeks on, reflect
progressing cartilage degeneration. The associ-
ation between increased PG concentration and
cartilage degeneration was underlined by the
positive correlation of this marker to the macro-
scopic cartilage score in adult animals, which we
also found in a previous study [28]. Because of the
local vicinity of cartilage degeneration to the
defect and the fact that animals in the adult group
actually had less changes even at longer obser-
vation, it seems unlikely that the degenerative
process was caused by the aging process rather
than the injury. Healthy NZW rabbits between 50
and 74 weeks showed no signs of knee cartilage
degeneration and had similar PG concentrations
in joint fluid as the preoperative samples of the
adult group (unpublished observations). Neverthe-
less, because we lack physiologic data on rabbits
older than 74 weeks, we can not exclude that some
of cartilage degeneration and increased PG
concentrations in the older animals were caused by
the natural aging process. TGF-b1 concentrations
were in general quite low at later time intervals
even in the initially young animals, which of
course were reaching maturity successively. How-
ever, formation of osteophytes and degenerative
cartilage changes were more common in younger
animals than adults. There is some evidence that
the initially higher TGF-b1 concentrations in this
age group may be involved in the initiation of these
more conspicuous bone and cartilage changes.
After triple TGF-b1 injections into a murine knee
joint, impressive osteophyte formation was noted
at specific sites [32]. In addition, the endogenous
production of active TGF-b1 in cell culture seemed
higher for chondrocytes derived from os-
teoarthritic cartilage than normal cartilage [20].
These data support our speculation that TGF-b1
plays a role in the development of osteophytes and
initiation of degenerative cartilage change in
joints with isolated cartilage defects.
PG joint fluid concentrations were previously
tried as a marker for degenerative joint disease,
but showed only a moderate correlation to the
degree of osteoarthritis in an animal experiment
[28]. Probably, increased PG clearance by the
hypervascular synovium in degenerative joint
disease made it difficult to use this substance as a
marker for osteoarthritis [35]. In addition, joint
fluid concentrations of this marker accumulate
cartilage molecule fragments from the whole joint
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and it is difficult to quantify the morphologic
quality of all articular joint surfaces. Also in this
study, the correlation to the degree of gross
degenerative cartilage change was weak and only
present in the initially adult animals. A corre-
lation between this marker and the histologic
scores of the repair site and adjacent cartilage
were absent probably because of the relatively
small area of this site in comparison to the whole
joint.
We demonstrated here for the first time that
TGF-b1 joint fluid concentrations are dependent
on maturation stage and time after injury in a
rabbit model. The higher TGF-b1 joint fluid
concentrations in young animals compared with
the adults noted here may in part be responsible
for the higher proteoglycan synthesis and release
to joint fluid in a growing joint which was noted
previously in many studies. The high TGF-b1 joint
fluid concentrations in young animals may also be
related to the higher healing capacity of a
traumatic defect and at the same time to the higher
susceptibility to cartilage degeneration and os-
teophyte formation in this age group. The
above-physiologic PG concentrations after injury
in all age groups which we demonstrated here may
reflect increased proteoglycan synthesis and
release in cartilage repair and osteoarthritis.
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